The implementation of Agile Methods is often subject to failure, with cultural issues being the most commonly named reason. The purpose of this paper is to analyse the relationship between organizational culture and the deployment of Agile Methods. Built from a combination of systematic literature review and Latent Dirichlet Allocation, it presents a set of cultural characteristics that constitute a successful Agile organization. The results serve as a more robust definition of Agile Culture and help to assess an organization's cultural readiness for the implementation of Agile Methods.
Introduction
The rapidly changing market environments of the last decades pose tremendous challenges on the industry. With technology, market conditions and customer requirements altering at an unprecedented speed, organizations face an increasing uncertainty (Dohmen, 2002) . The need to quickly adapt due to unforeseen changes demands a higher iteration frequency and customer-driven innovation cycles within new product development projects (Highsmith, 2004) . These requirements exceed the capabilities of traditional plan-driven and sequential approaches, often summarized as Waterfall Project Management, thus necessitating the emergence of more value-centered and iterative management approaches (Schuh, 2012; . As a result, software engineering experts introduced the Agile Manifesto for Software Development in 2001 (Beck et al., 2001 ), a set of values and principles that has since been manifested in numerous product development methods and practices, as shown in Figure 1 . In the softand hardware domain, the most popular iterative methods are SCRUM and Extreme Programming (XP) VersionOne, 2017) . Being classified at the forefront of the digital transformation, these Agile Methods are receiving increased attention by research and practitioners and are discussed across the globe as a way to gain competitiveness and to improve innovation capabilities (Narayan, 2015) . While evidence suggests that agile methods have been adopted in a wide variety of organizational settings, such methods are assumed to be more suited to certain organizational environments than others . Despite the existence of frameworks for assessing the agile readiness of organizations, the successful transformation towards an agile organization is often still subject to failures. Research and literature recognize organizational culture as one prominent explanation of the encountered difficulties, yet this area lacks analyses by research (VisionOne, 2017) . This paper focuses on the need of defining "Agile Organizational Culture" by forming a common understanding through a set of cultural constructs that can be found across successful agile projects. Having a clear understanding of the term "Agile Organizational Culture" will help researchers and practitioners uncover some key answers for the questions: (i) How can an organization's culture be assessed regarding the readiness for Agile Methods? (ii) What factors need to be considered when Agile Methods are introduced to an organization? (iii) How can transformational change processes be designed in order to increase the successful adoption of Agile Methods? Therefore, this paper identifies and carries out a critical analysis of the current definitions and components of Agile Culture, as they exist across multiple disciplines e.g. manufacturing, organizations, product development and software development. We subsequently applied a technique called "Latent Dirichlet Allocation" (from the field of Linguistics) to identify constructs that are commonly used to describe Agile Culture in the context of organizations. Finally, the paper derives a more robust definition of these constructs through a set of indicators, thus providing a profound set of criteria to assess an organization against.
Prior research on Agile Culture
Organizational culture is a very complex concept with a multiplicity of definitions whose scope can cover everything from a basic set of values to all components of an organization (Kluckhohn, 1952; Schein, 1985; Hofstede et al., 1990; Keesing and Stratherns, 1998) . This leads to numerous interpretations of culture, which complicates efforts towards creating a common understanding of Agile Culture. The few studies that have investigated the characteristics of an organizational culture using Agile Methods clearly demonstrate that Agile Culture can be conceptualized in a number of ways (Wendorff, 2002; Robinson and Sharp, 2005; Siakas and Siakas, 2007; Strode et al., 2009; Tolfo et al., 2011; Iivari, 2011; Othman et al., 2016) . Among the variety of culture conceptions adopted by research, Schein's (1985) model, the Competing Values Model (CVM) (Denison and Spreitzer, 1991 ) and Hofstede's (1991) culture dimensions have been relatively popular. Hofstede (2001) depicts culture as a set of layers with values at its core that are carried out by collective activities called rituals which are embodied by cultural leaders called heroes and promoted in characteristics such as words, objects or conditions summarized as symbols. The rituals, heroes and symbols visible to outsiders are collectively called practices. According to Hofstede, people correspond to different levels of culture on a national, professional and organisational level. Based on this typology Siakas and Siakas (2007) defined four types of organizational culture along the dimensions of uncertainty avoidance and power distance. They conclude that a low manifestation of the two dimensions best promotes an "agile professional culture" due to a horizontal hierarchy and an emphasis on flexibility and spontaneity. The Competing Values Model (CVM) was first introduced by Quinn and Rorbaugh (1989) and later adopted by Denison and Spreitzler (1991) . It characterizes organizational effectiveness by the two polarities change vs. stability and internal focus vs. external focus, thus distinguishing four organizational culture types: group culture, developmental culture, hierarchical culture and rational culture. In a multi-case study of nine projects Strode et al. (2009) showed, that specific organizational culture factors, adopted from the CVM correlate with the effective use of an Agile Method. Iivari and Iivari (2011) argue that Agile Methods cannot be allocated to one cultural type exclusively, but are rather reflected as a reasonable balance between the opposite polarities. These findings are supported by the work of Othman (2016) who analysed five companies against the implications of the CVM. The findings suggest that the group culture, the culture of development and rational culture promote the acceptance of the agile methodology, while the hierarchical culture hinders the acceptance. Schein (1985) defines organizational culture as 'a pattern of shared basic assumptions that a group learned by solving its problems of external adaptation and internal integration, and which has worked well enough to be considered valid and, therefore, worth of being taught to new members as the correct way to perceive, think, and feel about those problems'. He then identifies three distinct levels in organizational culture: visible artefacts, espoused values, and basic underlying assumptions (Schein, 1985) . Tolfo et al. (2011) apply Schein's framework to contrast organizational culture of three case companies to derive an idealized agile culture.
The challenge in assessing Agile Organizational Culture
The presented approaches describe Agile Organizational Culture in the context of an existing framework along only a few dimensions and show that several models exist for describing the dynamics of an organization. However, it is more critical for stakeholders, team members and senior management to understand the forces in the organization when introducing Agile Methods to recognize potential areas of failure and friction (PMI, 2017) . Based on these implications, we argue that in order to assess an organizations readiness for the transformation towards Agile Methods, common cultural factors of existing success-cases need to be identified and properly described. This allows a description of Agile Organizational Culture without distorting the observations of researchers and practitioners. Hereinafter we propose a research method that is capable of deriving common cultural factors (constructs) from existing literature, case studies and surveys. The constructs then are described along a set of characteristic indicators to decrease ambiguity and help practitioners and researchers assess the cultural readiness of organizations for the introduction of Agile Methods.
Research method
To identify the key constructs of Agile Culture, we applied a combination of two techniques, systematic literature review (Cook et al., 1997; Levy and Ellis, 2006; Kitchenham et al., 2010) and Latend Dirichlet Allocation (LDA) (Hofmann, 2001; Blei et al., 2003) . The systematic literature review first derives descriptions and definitions of Agile Culture from the scientific literature, including case-studies and empirical studies. The resulting information can subsequently be analysed with the Latent Dirichlet Allocation (LDA) to derive commonalities across the analysed documents that then serve as constructs and indicators describing Agile Culture. LDA is a well-known modern machine learning algorithm that has been widely used in text mining, network analysis and multiple other domains. First introduced by Blei et al. (2003) , it is one of the most popular methods in the field of topic modelling. The basic idea behind LDA is, that documents are represented as a probability distribution of topics, where each topic is a probability distribution of words referred to as a topic model. As shown in Figure 2 , this method can be interpreted as the factorization of a matrix describing the probability of a word being mentioned in a document into a Word-Topic-Matrix and a Topics-Documents-Matrix. All the documents in the collection share the same set of topics, but each document exhibits those topics in different proportion. Thus, with each document analysed, the model is trained towards a more accurate representation of the core concepts and topics across all documents. Figure 2 illustrates our approach, comprising of the following steps:
1. Identification of literature describing and/or mentioning Agile Culture 2. Preprocessing the data acquired in
Step 1 for further analysis in step 3 3. Applying Latent Dirichlet Allocation (LDA) to compute common topics 4. Deriving constructs from the topics and identifying indicators that define the constructs
Figure 2. Research approach for the identification of Agile Cultural constructs
Step I -identification of literature describing and/or mentioning Agile Culture The input data for the LDA was created by means of a systematic literature review (Cook et al., 1997; Levy and Ellis, 2006; Kitchenham et al., 2010) . The review aimed at extracting descriptions of Agile Culture in the context of organization, manufacturing, product development and project management.
The initial population comprised a total of 1356 articles indexed in the Web of Science, IEEE Xplore and Springer Link databases. The documents identified were subsequently analyzed using a set of "reading filters" in an iterative process proposed by Conforto et al. (2014) . Table 1 summarizes the key phases and results from the systematic literature review, leading to a total of 317 descriptions of Agile Culture and its common characteristics/ elements. This string was defined according to the standards of the Web of Science search engine with the following keywords: TS = (agile OR agility) AND TS = (culture OR organizational culture). These keywords were selected in the preliminary literature review and systematically tested through a series of searches prior to this phase (2) Database selection
We applied the search string to platforms for peer reviewed scientific articles: Web of Science, IEEE Xplore and Springer Link (3) Article selection
The articles were selected against two criteria: i) The article should contain one or more descriptions of Agile Culture ii) the definition could be allocated to one of the following domains: project management, manufacturing, organization or product development. (4) First reading filter
The preliminary filter consisted of reading the title, abstract and keywords (5) Second reading filter
The second reading filter comprised of evaluating the remaining articles based on their introduction, method and conclusion (6) Third reading filter
The articles that passed the second reading filter were read in their entirety. Other potential articles and sources that were identified in the references of the article under investigation. The same filters were applied to the newly identified articles. The result comprised of 317 definitions and descriptions of Agile Culture from 51 articles
Step II -preprocessing the data for further analysis The LDA considers each document as a collection of words or "bag of words" whose order and grammatical role are not considered in the model (Blei et al., 2003) . For that reason, it is important to adjust the results from step 1 by removing words that don't carry information about the topics, such as pronouns, conjunctions and articles. These words are commonly summarized as "stop words" (Schofield
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• Indicator 1.1 , 2017) . We subsequently applied a tf-idf weighting algorithm to balance out the influence of very rare terms (Dumais, 1991) .
Step III -applying Online Latent Dirichlet Allocation (LDA) to compute common topics In our research, we used Online LDA, a version of LDA that separates the number of documents into batches that are consecutively fed into the model. Online LDA can be contrasted with batch LDA, which processes the whole corpus (one full pass) thus requiring more computing power for each run. The number of topics can be considered as a "meta" parameter of the model which has to be defined up front and tuned using manual or automatic resampling (e.g. cross-validation) such that it minimizes the loss of information (Hofmann, 2001) .
Step IV -derivation of constructs and indicators After tuning the model, the constructs and indicators were defined. By analysing the topics-words matrix, each topic was condensed to a construct that captures the core meaning of the words with the highest correlation towards the respective topic. We then analysed the topics-documents matrix and derived a set of indicators for each construct from the documents that showed the highest correlation to their associated topic. This ultimately resulted in a set of 8 constructs defined by a number of indicators that are presented in the following section.
Results
After applying LDA to the pre-processed data and tuning the model towards an outcome with minimal loss of information, the following 8 constructs of Agile Culture could be derived: fast, team driven decision making; willingness to continuously learn and improve; autonomy and empowerment of people; supportive and collaborative management; team orientation; intensified personal communication; open information sharing (see Table 2 ). By further analysing the documents that were allocated to the topic constituting a construct, we identified a set of indicators to create a more robust definition of each construct:
Fast, team driven decision making
The construct of team driven decision making is determined along four indicators. First, Agile Organizations promote a pluralistic, participative decision-making style (Sagie, 1994; Vinekar et al., 2006; Moreira, 2017) . Decisions are made by people, who are affected by the issue at hand and not by a central authority. Once a decision is made, team members show a willingness to re-asses their decisions if new information arises (Maximini, 2015) . In addition, the iterative character of Agile Methods demands team members to be comfortable with making decisions frequently and in a short period of time (Highsmith, 2004) . A data-driven mindset increases the ability to make a high frequency of decisions (Schuh and Wiendahl, 2015) .
Willingness to continuously learn and improve
A willingness to continuously learn and improve by all members of the organization constitutes the second construct. This is inter alia indicated by a positive attitude towards learning and self-development and a reward system that fosters this continuous improvement (Crocitto and Youssef, 2003) . The team members are willing to dedicate time after each iteration to review how they themselves and the process could be improved and they are eager to learn from one another (Misra et al., 2009; Gren et al., 2016) . This is supported by the acknowledgement of the positive impact of feedback (Beck and Schwaber, 2000; Dyer, 2003; Highsmith, 2004) .
Autonomy and empowerment of people
The third construct, autonomy and empowerment of people, is defined along the following indicators: Teams need to be involved in shaping their environment (Gunasekaran, 1999; Meade and Sarkis, 1999; Highsmith, 2004; Ingalls and Frever, 2009; Maximini, 2015) . This includes the ability of team members to participate in the planning process of projects they are working on and the autonomy to choose their own tasks instead of being assigned one (Sagie, 1994; Harper and Utley, 2001; Gren et al., 2016) . Additionally, the expression of disagreement towards managers must be accepted in order to fully foster the potential of the team (Maximi, 2015; Gren et al., 2016) . 
Supportive and collaborative management
The fourth construct is indicated by a management that is willing to collaborate with its subordinates (Wendorff, 2002; Vinekar et al., 2006) . They must live and promote all aspects of the Agile Culture, thus creating an environment that supports innovation, diffusion of information, and teamwork (Crocitto and Youssef, 2003; Maximini, 2015) . Managers encourage employees to be creative, refraining from dictating what to do and shift the organizational focus towards satisfying (external) customers instead of satisfying (internal) management (Gren et al., 2016; Moreira, 2017) .
Team orientation
The construct of team orientation can be qualified by three indicators. Team members must be willing to consult themselves to solve technical issues and actively seek and value this manifestation of teamwork Beck and Schwaber, 2002; Highsmith 2004; Gren et al., 2016) . Team orientation is also expressed with regard to the ownership of work: All members of the team should see finished and unfinished products as a shared responsibility (Doshi and Doshi, 2009; Rosenberg, 2015) . Doing performance appraisals at the team instead of the individual level can foster this transition (Moreira, 2017) Intensified personal communication The construct of intensified personal communication is defined by a set of four indicators: members of the organization should perceive social interaction and communication by means of reaching to consensus faster while synchronising activities (Wendorff, 2002; Beck, 2009; Doshi and Doshi, 2009; Maximini, 2015) . While people must be willing to communicate and work together extremely closely, on a daily basis, a supporting environment which allows informal communication is suggested (Beck, 1999; Misra et al., 2009; Maximini, 2015) . Face-to-face communication should be strongly encouraged. Beck and Schwaber, 2002; Highsmith, 2004; Moreira, 2017) .
Open information sharing
The construct of open information sharing is mainly indicated by the stakeholders' positive attitude towards information sharing (Sherehiy et al., 2007; Misra et al., 2009 ). The organization also facilitates mechanism for persistent knowledge sharing between team members (Gren et al., 2016) .
Comfort with change and uncertainty
The construct of comfort with change and uncertainty is supported by the perception that certainty is impossible, thus no long-term predictive plans can be adhered to (Maximini, 2015) . The team is comfortable with change, new ideas and new technologies, even if it requires some reworking of already completed work products (Crocitto and Youssef, 2003; Misra et al., 2009; Gren et al., 2016) . It is prepared for the effects of the iterative character of Agile Methods, namely for changes in role and process as the product matures. (Cho, 2009; Sherehiy et al., 2007) .
Analysis of the results
The results show similarities to the most commonly known collection of Agile Cultural Components, the Agile Manifesto (Beck et al., 2001) . A number of values and principles can be found in the constructs and their indicators. Since the Agile Manifesto can be considered the foundation of the majority of today's Agile methods and practices, the similarities might not be surprising. However, the majority of the results deviate from what is captured in the Manifesto, or present entirely new insights into how practitioners and researchers perceive Agile Culture. This suggest that the perception of an Agile organizational culture has diverged from the initial definitions in the Manifesto since its introduction. This is consistent with observations in the field of cultural research, which imply that there might be interactions between the cultural context and the Agile Methods, thus potentially changing the cultural context (Schein, 1985; Hofstede et al., 1990) . This indicates, that the methods derived from the initial values and principles mentioned in the Agile Manifesto could have formed a new culture that diverges from its initial definition in the Manifesto. An aspect that is strongly emphasized in the Agile Manifesto for example but missing in the results of our analysis is the focus on collaboration with the customer. Literature on Agile suggests to remove uncertainty early in the product development process through frequently exposing the customer to prototypes or partial solutions (Highsmith, 2004; Conforto et al., 2014; Maximini, 2015) . A possible explanation for this not being reflected by the results is, that the customer is often considered as an insufficient source of information in the innovation process. In the feedback process, customers often only gravitate to what is already known, which can strongly interfere with the efforts of bringing truly innovative products to market (Moreira, 2017) . Another explanation could be that an effective collaboration with the customer requires frequent on-site interaction. This however shows to be problematic since the customer is not capable of being present and accessible to the team whenever feedback is needed. This can lead to a number of delays and problems, ultimately causing loss of productivity and time-pressure during every single iteration (Hoda et al., 2010) . Lastly, the results of this study show that there is a rich and complex cultural foundation required to transform an organization towards the successful use of Agile Methods. However, most of today's research efforts in the field of Agile focus on introducing tools, practices and methods to an organization. This could be a possible explanation on why many implementation efforts of Agile Methods still fail. A study by Moreira (2017) supports this theory: After interviewing 109 agile professionals, he showed that that 90% of all practitioners are not able to name more than 3 Principles of the Agile Manifesto. He concludes that "many people are only mechanically 'doing' Agile via a process and have not yet begun to 'be' Agile". This gives reason to bring the discussion in the field of Agile back to its values and principles and the cultural level. We believe that by further analysing the interpersonal components, changes in mindset and their implications on the organization implementation efforts of Agility can be more successful.
Conclusion, future research and limitations
This paper makes relevant contributions to the current state of organizational culture with regard to agility. It provides a definition of the most important constructs defining Agile Culture and creates a robust understanding of these constructs by describing each along a set of indicators. The results offer a new perspective to understand Agile Culture as a core component when considering the implementation of Agile Methods in an organization. They assist practitioners in getting a better understanding on Agile Culture to assess their organisation regarding the suitability of Agile Methods (e.g. Scrum and Extreme Programming). An additional contribution of this paper is the framework used to analyse Agile culture. It could be useful to further improve the definitions of Agile Culture towards to a less ambiguous extend. Due to the assumption that most of today's Agile Methods share commonalities when defining their associated culture, we based our analysis on data from the domains of agile product development, agile manufacturing and agile project management. Future research should consider creating definitions for each of the domains to further increase the knowledge on Agile Culture. Furthermore, future investigations should aim to assess different organizations against the constructs and indicators identified in this study to analyse their sensitivity to scale. Lastly, the presented Topic Modelling method should be applied to other sources of primary data, such as interviews and reports. Today's possibilities to easily script interviews allow researchers to capture entire conversations, an LDA analysis of the results can derive commonalities across all participants and is capable of quickly processing large amounts of data. This way, Agile Culture could be explored and described on a much more detailed and unfiltered level.
